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ABSTRACT 
Eight monomers, considered as suitable for the direct synthesis 
of iminobenzylidene polymers, @lC6RCH.&=, which pass through a 
3 a 
tractable, fusible staze, have been synthesized. 
merization of foitr of these monomers yielded insoluble, infu- 
sible brick-dust polymers. 
The poly- 
With the exception of 
~-CH~CO~?.~CGH~CHO and P - C ~ H ~ C H ~ C ~ H ~ C H ~ ? C ~ H S  little advantage 
L iaccrues to the use of these new monomers in the synthesis of 
the desired polymers, which appear to be best prepared by 
i 
olymerizing the triners of m- and p-aminobenzaldehyde in 
209 ma M1113W of benzylideneaniline. 
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The direct synthesis (equation l), of high molecular weight, black 
poly+o-iminobenzylidene], H2rfNC6H4Cw , from o-aninobenzaldehyde was 
reported in a previous publication (1)s 
P o-H2MC6H4CH0 -t H 2 H C 6 H 4 C w  + (n-1) H20 (eq. 1) 
The direct synthesis of the analogous meta- and para-polymers was not zccom- 
plished because the methods used (1) to synthesize the monomeric meta- and 
para-aminobenzaldehydes from the nitrobenzaldehydes by catalytic or stannous 
chloride reductions yielded instead, yellow brick-dust trimers. The formation 
of trimers is attributable to the acidic medium which catalyzed the self- 
condensation of the aminoaldehyde. The black meta- and para-pdlymers were 
prepared (1) by polycondensation in benzylideneaqiline (equation 2) which w a s  
shown to be equivalent to a bis-Schiff base exchange reaction (2,3). 
n HflC6&+Cv + n CgHgC~CgHg + n C~H~CHZ@C~H~CII&$IC~H~ + 
C # C ~ C ~ C ~ H ~ C ~ C ~ H ~  4- (n-1) CgHgCH=NCgHg (es. 2) 
The synthesis of crude para-aminobenzaldehyde ‘in an aikaline medium by 
the reaction of p-nitrotoluene with an aqueous mixture of sodium polysulfide, 
flowers of sulfur and sodium hydroxide has been reported (4). The yields are 
relatively low and the product may contain low molecular weight polymers as 
impurities. Attempts at recrystallization from many solvents and even from 
water, lead to further polycondensation and a product of broad melting point 
range is obtained ( 4 ) .  In an extension of the previous studies (l), we ob- 
served that the rapid heating of p-minobenzaldehyde at 170-180°C in nitrogen 
yielded orange-colored, intractable brick-dust polymers. Accordingly, it appeared 
desirable to investigate other syntheses of the polyiminobenzylidenes from 
other reagents, some of which might be relatively more stable as monomers than 
the aminobenzaldehydes. 
1. 
2. 
3. 
4. 
5 .  
6 .  
This  gaper r e p o r t s  some new monomers synthesized f o r  t h i s  purpose, t h e  
r e s u l t s  of t h e  polymerization of these nioiiomers, and a comparison of t h e  pro- 
p e r t i e s  of t hese  polymers with those of t h e  polymers previously prepared (1) 
from t h e  t r i m e r s  by equat ion 2. 
The monomers s e l e c t e d  f o r  t h i s  study are A-B type mommews (1) i n  which 
t h e  chemical n a t u r e  of t h e  r e a c t i v e  groups corresponds t o  those prev ious ly  
s tud ied  (2) i n  t h e  r e a c t i o n s  of t he  A-A with  the  B-B type monomers. Thus, t h e  
polymerizat ions of t hese  A-B monomers can be s i m i l a r l y  c l a s s i f i e d  (1) as 
amine-exchange, bis-exchange, e t c . ,  as shown i n  equat ions 3 t o  10 inc lus ive :  
\ 
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7. 
8. 
Schi f f  Base-Amide Exchange ( 5 , 6 )  
(n-1) CH3CONHC6H5 
Amine-Acetal Exchange (5,6) 
2 (n-1) C4H90H (es. 10) 
The polymerization r e a c t i o n s  of equations 3 t o  10 would be cont ingent ,  
of course,  on t h e  success fu l  syntheses of t h e  requi red  monomers. 
EXPERIMENTAL 
Monomers 
a) p-Aminobenzaldehyde (I), m.p. 69-71°C, was prepared i n  a 54% y i e l d  by 
t h e  procedure published i n  Organic Syntheses (4). 
b) p-Fomylace tan i l ide ,  p-CH3CONHC6H4CH0, (11), was purchased from Eastnan 
Kodak Chemicals, r e c r y s t a l l i z e d  froin absolu te  e thano l ,  and d r i e d  i n  a vacuum 
oven; m.p. 149-153°C. I ts  in f r a red  spectrum is  shown i n  F igure  1. 
c )  p-Acetamidobenzylldenedibutyl e t h e r ,  p-CH3cOrJHC6H4CH(OC~Hg)2. 
Atteinpts t o  synthes ize  t h i s  mmorner f r o m  (11) and b u t y l  a l coho l ,  using 
p- to luenesul fonic  a c i d  c a t a l y s i s  by t h e  continuous benzene-azeotropic method 
p rev ious ly  reported (5,6) f o r  t he  synthesis of p -xy ly l idene te t r abu ty l  e t h e r ,  
y i e l d e d  a br ick-dus t  product,  m.p. > 300"C, which was i n so lub le  i n  dimethyl- 
acetamide and whose i n f r a r e d  spectrum shoqed a low concen t r a t ion  of the ateta1 
func t ion .  
v a l u e s  which ind ica t ed  the product was an oligormr. 
The elemental  a n a l y s i s  for carbon, hydrogen and n i t rogen  y ie lded  
Analysis :  Calc'd f o r  C17H2p03 : C, 69.62; H, 9.22; N,  4.77. 
Calc'd f o r  C38H42N4O3: C ,  75.72; H, 7.02; N,  9.29. 
Found : C, 77.16; H ,  8.04;  N ,  8.32. 
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d) p-Acetamidobenzylideneaniline, p-CH3CONHC6H4CWC6Hg, (111), was 
prepared from (I) and a n i l i n e  by the continuous azeotrope method previous ly  
repor ted  ( 7 ) ,  m.p. 14O-14l0C. I t s  i n f r a r e d  spec t r 'm is  shown i n  Figure 2. 
Analysis:  Calc 'd for C151i14N2O : C y  75.61; H, 5.52; N ,  11.76. 
Found : C,  74.93; H, 5.87; N ,  11.78. 
e) p-Nitrobenzyl idenedibutyl  e ther ,  P - O ~ N C ~ H ~ C H ( O C ~ H ~ ) ~ ,  w a s  prepared 
from p-nitrobenzzldehyde acd bu ty l  a lcohol  us izg  p- toluenesulfonic  a c i d  ca t a -  
l y s i s  by the cont inuous azeo t rop ic  method previously repor ted  (5,6),  b. p. 
25 
14GoC/0.25 mm, nu = 1.4953. I t s  inf ra red  spectrum i s  given i n  Figure 3. 
Analysis :  Calc 'd  f o r  C15H23N04 : C,  64.04; H, 8.24; N,  4.98. 
Found : C,  64.13; H, 8.19; N ,  4.9*G. 
f )  p-Aminobcnzylidenedibutyl e the r ,  p-H2NC6H4CH(OC4H9) 2, (IV) . 
A t t e a p t s  to syn thes i ze  ( I V )  by t h e  c a t a l y t i c  hydrogenation (5% palladiuim- 
or -charcoa l )  of p-nitrobenzylidenedibutyl e t h e r  i n  benzene o r  dioxane 
a t  room temperature  by procedures reported previous ly  f o r  t h e  reduct ion  of 
n i t roace tophenones  (l), / 
y ie lded  
60% of t h e  product a s  i n f u s i b l e  polymer (m.p. 
>30a°C) and 40% as an o i l y  product, n: = 1.5235 which was g lassy  when coo:.ed 
to 0 ° C ;  its i n f r a r e d  spectrum is  shown i n  Figure 4., and its elemental  a n a l y s i s  
i n d i c a t e d  i t  w a s  a mixture of inonomer and dimer. 
Analysis :  Calc 'd f o r  C1SH25N02 : C y  71.67; H,  10.02; N ,  5.57. 
Found ( for  o i l ) :  C ,  72.55; H, 9.27; N ,  6.89. 
g) p-Aminobenzylideneaniline, ~ - H ~ N C & C H = N C G H ~ ,  ( V ) ,  was prepared by 
the rnczthod giver, by Rossi  (8), from a n i l i n e  and f r e sh ly  prepared p-amino- 
benzaldchyde (I), m.p. 110-1156C, accompanied by polymerization. I t s  i n f r a r e d  
spec t rum is  g iven  i n  Figure 5 .  
Analys is :  Calc 'd fo r  CI3Hl2N2 : C, 79.56; H, 6.16; N ,  14.27. 
Found : C, 79.77; H, 6.08; N ,  14.11. 
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h) p-Formylbenzyliden2aniline, C~HSCH-NC~QCHO, (VI), was prepared from 
freshly prepared p-aminobenzaldehyde (4) and freshly distilled benzaldehyde by 
the method given by Rossi ( 8 )  for (V); on heating it showed decomposi.tion and 
melting in the range of 100-120°C. Its infrared spectrum is shown in Figure 6.  
Analysis: Calc'd for  C14H11NO : C, 80.36; H,  5.30; N ,  6.69. 
Found : C, 80.28; H, 5.33; 3 ,  6.72. 
i) p-Benzylideneiminobenzylidenedibutyl ether, P - C ~ H ~ C ~ ~ C G H ~ C H C O C ~ H ~ )  2, 
The reaction of (IV) with benzaldehyde in benzene by the continuous (VII). 
azeotropic method ( 7 ) ,  yielded a mixture of dimers and trimers which were 
fusible, having a broad softening range of 130-145"C, and whose infrared 
spectrum, shown in Figure 7 ,  is more representative of an oligonier than of 
a monomer, and in which the bands for the acetal moieties are absent. 
Analysis: Calc'd for C22H29N02 : C, 77.84;  H,  8.61; N ,  4.13. 
Found : C, 79.71; H, 7.15; N,  7.02. 
j) p-Benzylideneiminobenzylideneaniline, p-C6H$H='NC6H4c&l?c&, (VIII), was 
prepared by the continuous azeotropic method (7) from (a) benzaldehyde with 
(V), and (b) from aniline with (VI). 
Figure 8, mop. 85OC. 
Its infrared spectrum is shown in 
Analysis: Calc'd for C20H16N2 : C, 84.47; H, 5.67; N ,  9.85. 
Found : C,  84.51; H, 5.67; N ,  9.79. 
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Figure 1. Infrared Spectrum of p-CH3C0NHC6H4CHOI (II), 
KBr d i s c .  
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Figure  2. Infrared Spectrum of p-eH3CO'N-iEiCgIi4Z'Z~~~, (IIi) , 
gBr d i s c .  
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Figure 3. Infrared Spectrum of p-O$?C6H4CH(OC4H9) 2, KBr d i sc .  
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Figure 4 .  Infrared Spectrum of p-H$?C6H4CH(OC4H9)2 ,  ( I V ) ,  KBr d i s c .  
WAVELENGTH (MICRONS) 
FREQUENCY (CM') 
Figure  5 .  Infrared Spectrum of p-H2NC6H4CHC6H5, (V), KEr d i s c .  
WAVELENGTH (MICRCNS] 
FRMUENa JCM'I 
Figure 6. Infrared Spectrum of C6H5C€IdlC6H4CH0, ( V I ) ,  KBr d i s c .  
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Figure 7.  Infrared Spectrum of p-CgH5CH~C6H4CH(OC4"9)2, (VII), 
KBr d i s c .  
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Figure  8. Infrared S p e C t r U  Of P-C~HSCH=NC&CH=NC~€I~ ,  (VIII), KBr d i s c .  
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Polymerizations. 
The polymers were prepared by the melt polymerization technique under an 
inert atmosphere using procedures previously published (1,2). The polymerization 
cycle was 
Temperature Time (hours) 
180 "C 1 
225 O C  2 
325 O C  8 
The polymerizations were attempted first as uncatalyzed reactions; when 
readily 
polynerization did not occur/under these conditions, the reactions were 
repeated using 0.5-weight-% of zinc chloride as the catalyst. The infrared 
spectra of the polymers were recorded as KBr discs (1). In accordance with 
previous coding (1,2), these products are designated as H325 polymers. The 
relevant data is given in Table 1. 
Postheating of Polymers at 400°C. 
Portions of scme of the H325"C polymers were postheated (2) under nitrogen 
at 400°C for four hours, and the yields are given in Table 1. In accordance 
with previous coding (1,2), these products are designated as the H400 polymers. 
- 
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Thernopravinictric Analyses. 
The procedure previously published was used in the thermoanalyses of 
the polymers (1,2). 
were evaluated; the brick-dust polymers were not tested. 
metric data for the H400 polymers are summarized in Table 2. 
Only those polyn-.ers which passed through a fusible stage 
The thermogravi- 
400 500 600 700 800 
0.0 0.0 2.7 5.0 8.2 
0.0 0.0 2.8 5 .2  8.4 
0.0 0.0 3 .6  5.4 8.6 
Table 2 
900 
13.1 
14.0 
14.4 
13.6 
- 
Thermogravimetric Data in Nitrogen for the H400 Polymers 
1000 1176 
14.8 15.8 
15.1 18.1 
15.3 18.4 
14.6 17.3 
- 
Polymer 
vIII i o.o 
I11 
VI% - 
o.o 1.7 5.1 8.3 
DISCUSSION AND CONCLUSIONS 
Konomer s 
Since the polymerization tendency of the 111- and p-aminobenzaldehydes, pre- 
pared by the reduction of the corresponding nitro-aldehydes, were substantially 
identical (l), the present study was limited only to the para substituted 
monomers. In this study, crude monomeric p-aminobenzaldehyde (I), m.p. 69-7I0C, 
was prepared (4) in a 54% yield from p-nitrotoluene. 
self-condensation was evident when recrystallizations were attempted from 
The high tendency to 
numerous solvents, including benzene, ethanol, dioxane and water. In solution, 
trimeric products formed readily, thereby increasing and broadening the melting 
point range of the product. When refluxed in the solvent, infusible oligomeric 
products, m.p.> 300"C, were obtained. When held at its melting point of 
69-7I0C, (I) w a s  converted to a yellow, oligomeric brick-dust. 
The polymerization tendency of (I) was reduced somewhat when its -NH2 
or -CHO group or both groups were converted to appropriate derivatives. The 
p-formylacetanilide (11) was much more stable than (I) and it showed only a 
slight tendency to polymerize at its melting point. 
convert (11) to the dibutyl acetalby the acid catalyzed reaction with butyl 
alcohol by the continuous benzene-azeotropic method found effective for other 
aromatic aldehydes yielded insoluble, infusible polymeric products by the 
elimination of acetic acid in the form of butyl acetate. 
catalyzed reaction of (11) with aniline by the continuous azeotropic procedure 
yielded easily the corresponding benzylideneaniline derivative (111). Monomer 
(TIT) shs~ed little tendency to polymerize at its melting point. 
However, attemr;ts to 
However, the un- 
Numerous attempts to produce the dibutyl acetal (IV) directly from (I) 
were unsuccessful; partial success of the synthesis of (IV) was achieved by 
. 
the catalytic reduction of p-nitrotenzylidenedibutyl ether, 
of brick-dust-oligomers and an oil whose analysis indicated 
ture of monomer and dimer; this oil was used directly since 
yielding a mixture 
that it was a mix- 
attempts to isolate 
the monomer from the mixture yielded further ainounts of polymer. 
Monomer (V) was prepared by the method of Kossi ( 8 )  from freshly prepared 
(I) and a large excess of aniline (1:lO mole) by heating the mixture to the 
boiling point of aniline followed by cooling in an ice-water mixture, separating 
the precipitate, and washing it with a 50:50 mixture of hexane-diethyl ether. 
Prolonged heating of the reaction mixture at the boiling point of aniline pre- 
cipitated brick-dust polymers. At its melting point (V) polymerized readily. 
Monomer (VI) was prepared from (I) end benzaldehyde by the sSme procedure 
used to prepare (V); a nitrogen atmosphere was used to avoid oxidation of the 
benzaldehyde; on heating, (VI) polynicrized in the range of 100-120°C. 
The uncatalyzed reaction of (IV) with benzaldehyde did not yield the 
monomeric benzylidene derivative ( V I I )  but gave an oligomeric product which was 
fusible with a broad softening range of 130-145°C; when held at 145°C the 
oligomers polymerized further. Monomer (VIII) was the most stable of the 
monomers prepared and it showed little or no tendency to polynerize at its 
melting point. 
Monomers (IV), (V) and (VI) polymerized to infusible, low molecular weight 
brick-dusts varying in color from yellow to orange, and in this respect were 
similar to (I). However, monomers (I), (IV), (V) and (VI) and the resulting 
brick-dust polymers, as well as the trimer of p-acetamidobenzylidenedibutyl 
ether could be polymerized in soiution in benzyiideneaniiine (I), but since 
the purpose of this study wes to evaluate new monomers which would yield fusible, 
tractable, black polymers directly on polymerization, they were not investigated 
further. 
The uncatalyzed polymerization of (11) yielded acetic acid as shown in 
equation 6, and during the course of its polymerization considerable amounts 
of monomer sublimed from the reaction mass causing a reduction in the yield of 
polymer. However, since this is an A-B type polymerization, the critical 
stoichiometry is not disturbed by the lost of A-B monomer. The polymerization 
was well moderated and the viscosity of the melt increased as the color changed 
progressively from light to dark brown to a hard, brown-black glassy button. 
The polymerization was highly accelerated by the addition of catalytic quantities 
of Lewis acid; the addition of 0.25% weight per cent of zinc chloride to the 
monomer increased the yield to 94%. This polymerization of the A-B monomer 
(If) differs markedly with the coniparable unsuccessful A-A plus. B-B monomer 
reaction (6) of p-CH3CONHC6H4NH3CCIi3 $. p-OHCC6H4CH0, which yielded insoluble 
Intractable, infusible polymer products .with little or no evidence for the 
presence of a C d  structure in the polymers; even though the monomeric proto- 
type reactions yielded Schiff bases (6). It is believed that the intractability 
of the condensation product prevented the elimination of the acetic acid. In 
this case of the A-B type monomer, the polymer, as it is formed, was soluble 
in unconverted (If) which maintained the mixture as a melt and allowed the 
reaction t o  proceed to completion. This belief was confirmed, to some measure, 
by dissolving p-aminobenzaldehyde trimer, H2@?C6H4C@=0 in (11) and polymerizing 
the solution tokractable, fusible polymer ( 9 ) .  
3 a 
The un.cataLyzed polymerization of (III), shown as equation 9,  was very 
sluggish and zccordingly, zinc chloride was used as a catalyst. Its polymeri- 
zation paralleled that of (11), eliminating acetanilide instead of acetic acid. 
Ln this polymerization, the A-B type monomer soiubiiizcd t h e  poiymer as it w a s  
formed and allowed the reaction to proceed to a higher degree of condensation; 
thus, it also differs with the related unsuccessful A-A with B-B monomer type 
Of polymerization (6) of p-CB3COh~ICgtfqNHOCCH3 with p-C6€15Cll=NC6H4N=liCC&. 
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The polymerization of the fusi.ble oligomers of (VII), used instead of the 
monomer shown in equation 8, was sluggish and required zinc chloride catalysis; 
it yielded a dark-brown polymer rather than9brownish-black product and in this 
respect is similar to the acetal-Schiff base exchange of the A-A plus B-B 
polymerization (6) of p-C6H5CH~C~H&CKC6€I~ with ~-(BuO)~HCC~H~CH(OBU)~ which 
proceeded best (6) in the presence of benzylideneaniline. 
The polymerization of (VIII) by the Schiff base exchange reaction of 
equation 5 proceeded as a well moderated, uncatalyzed or catalyzed reactian to 
yield a product which was equivalent to the product obtained by the polymeri- 
zation of the trimer of p-aminobenzaldehyde in benzylideneaniline (1). The 
zinc chloride catalyzed reaction produced a higher yield of polymer at 325°C 
and 400°C than the uncatalyzed reaction; both the catalyzed and uncatalyzed 
reactions produced higher yields of polymer than the other reactions which did 
not eliminate benzylideneaniline. This is in agreement with previous findings 
(10-12) which indicated not only that the benzylideneaniline is retained tena- 
ciously by the polymer, but, that it may also undergo reaction with the polymer. 
The infrared spectra of all the brown or black H325 and H4GO polymers of 
this study were substantially identical to those published (1) for the amino- 
benzaldehyde trimers polymerized in benzylideneaniline. Similarly, the thermo- 
gravimetric data for the brown to black H325 and H400 polymers of this study 
were substantially Zdentical to those published for the polymeric azomethines 
prepared from aminoarylcarbonyl monomers (1). 
The present study indicated that, because of their instability, mast of 
the new monomers synthesized, including p-aminobenzaldehyde, were not too 
suitable for the preparation of the polymers. 
generalization were, the formylacetanilide (II), and its Schiff-base derivative 
(1x1) and the bis-Schiff base ( V I I I ) .  Monomer (III), which eliminated 
acetanilide, offered little or no advantage over (LI), which eliminated acetic 
The exceptions to this 
acid, since acetic acid is eliminated more readily than acetanilide. 
addition, (111) is synthesized from (II), adding an additional step to the 
In 
process for which no advantage is gained. 
tion of (I); this additional step contributes an advantage in that a tractable, 
fusible intermediate polymer can be obtained from the direct polymerization 
of (11) and not of (I) without the expediency of adding benzylideneaniline 
Monomer (11) is derived by acetyla- 
as a solvent. The stability of monomer ( V L Z I )  is about the same as (11) and 
polymerizes readily to satisfactory polymers. However, the polymer product is 
.. 
identical to that obtained by the polymerization of aminobenzaldehyde polymers 
in benzylideneaniline, and the complications of the synthesis of ("1x1) does 
not particulsrly warrant its preparation to achieve a result which can be 
o5tained rather simply by the use of the trimer in benzylideneaniline. 
Though a number of new syntheses for the iminobenzylidene polymers has 
been achieved, it nay be concluded that the choice syntheses are those from 
(a) p-formylacetanilide (11) and (b) the aminobenzaldehyde trimers dissolved in 
benzylideneaniline. 
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